124                                    XII. PERFECT GASES.
If this condition is satisfied we have undoubtedly
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a relation connecting the thermodynamic potentials fy of the mixture with those of its components at the same pressure.
126. Physical   evidence   as   to   the  value   of the  constant C.
(a) From liquefaction of one of the components. We assume the following law as based on experiment:
When a liquid or solid is in contact with its vapour at any given temperature., and the vapour is mixed with other gases, the partial pressure of the vapour is the same as if the other gases were absent.
Thus if a vessel contains air and water at a given temperature, the partial pressure of the water vapour mixed with the air is the same as the pressure of the vapour in contact with the water would be if the air were exhausted. The actual pressure in the mixture is the sum of the partial pressures of the air and the vapour. The density of the vapour is the same in both cases.
Now let there be a mixture of two gases G±, 6r2, of which 6r1 is more readily liquefied than Cr2, and let the original whole volume of the mixture be V.
Let the mixture be cooled till the components separate out in the liquid form, one liquefying before the other and the two being kept separated. Let the components be then evaporated in separate vessels. Then in the course of evaporation the partial pressures pl and p2 of the component gases at any temperature T are the same functions of T in the separated gases as in the mixture.
Assume further that the volumes of the liquids are negligible l)y comparison with those of their vapours.
Then the work done in compressing the mixture at any temperature will be equal to the works of expansion of the parts at the same temperature, if the volume of each part is equal to the previous volume of the mixture, as is evident from the relation (pi+p^dV = pldV+p2dV. Again, assuming the constancy of the specific heats, the heat given out in cooling the mixture by an amount dT is equal to the heat absorbed in raising the components through the same temperature interval.
Assume further that- the latent heat of evaporation of either component is unaffected "by the presence or absence of the other.
Then, if the separate constituents be finally each brought to volume Vy the entropy changes in the processes of expansion will exactly balance those in the processes of condensation, and the whole process will be perfectly reversible and we conclude that: